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Abstract 
This project investigates whether or not the presence of microplastics in the environment changes 
the effect, biotransformation and bioaccumulation of pyrene in the earthworm Eisenia fetida. Three 
experiments are performed, two of which act as pilot experiments for the last main experiment. The 
two pilot experiments determine E. fetida’s food requirements, so as not to involuntarily starve the 
test organism during the main experiment, and E. fetida’s tolerance of various pyrene 
concentrations, to serve as a comparison with later experimental results and an indicator of toxicity 
to the test organism. The main experiment determines the combined effects of pyrene and 
microplastic on E. fetida, followed by an analysis of pyrene concentrations in tissue samples of E. 
fetida from the main experiment using HPLC-MS. It is concluded that there is a positive interaction 
between bioaccumulation of pyrene in E. fetida and the presence of microplastics and that further 
investigation into the relationship between microplastics and environmental contaminants in both 
aquatic and terrestrial ecosystems is needed.  
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1 Introduction 
1.1 Introduction 
Microplastic particles are a widespread contaminant across the world. The use of plastics has 
increased drastically over the last 50 years, to a production of over 200 million tons of plastic per 
year (Barnes et al., 2009; Ivar do Sul & Costa, 2014), much of which is allowed to accumulate in 
terrestrial and marine habitats across the globe, both due to the high durability of plastic debris and 
the limited recovery measures of the large amounts of discarded materials in nature (Browne et al., 
2007).  
Plastics consist mainly of hydrophobic materials, resulting in high concentrations of various chemical 
pollutants either in or on their surfaces. Microplastic particles, with their smaller size and higher 
surface area, can therefore act as reservoirs for toxic chemicals in the environment (Ivar do Sul & 
Costa, 2014), and since animals often mistake plastic particles for food, microplastics become 
carriers for transporting chemicals to organisms (Teuten et al., 2007). Chemicals adsorbed to 
microplastics are then potentially released in the digestive fluids and transferred to the tissues of 
the organisms (Teuten et al., 2007). So if organisms are exposed to contaminants and microplastics 
simultaneously, an independent uptake may occur in the body and microplastic particles could 
modify biotransformation or level of toxicity of the contaminants (Oliveira et al., 2013).  
In theory, the opposite could also be true. If the contaminants are bound tightly enough to the 
microplastic particles, it could decrease the release of toxins in the digestive fluids of organisms, 
allowing them to pass harmlessly through the gut. This would hypothetically decrease the 
availability of toxic chemicals and their effect on the environment.  
There is therefore an urgent need to increase the knowledge of these processes. How much, if any, 
effect does the presence of microplastic have on an organism’s uptake of toxic chemicals?  
A common species used in studies of ecotoxicology is the earthworm Eisenia fetida, a common 
European compost worm in the family Lumbricidae (Domínguez et al. 2004; Hickman et al., 2014; 
Edwards & Bohlen, 1996), and an example of an environmental toxin could be pyrene, a 
polyaromatic hydrocarbon (PAH) known to be toxic (Kemibrug - pyrene, 2015; Wu et al., 2012). 
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Using these as examples, and assuming that microplastics might have an effect on pyrene and 
pyrene metabolite concentrations in earthworms, the following problem formulation was 
addressed in this study: 
1.2 Problem formulation 
How does the presence of microplastics affect the uptake and effects of pyrene in the terrestrial 
earthworm Eisenia fetida? 
1.3 Hypotheses 
1.3.1 Hypothesis 1 
The presence of microplastics changes (i.e., increases or decreases) the bioaccumulation and/or 
biotransformation of pyrene in E. fetida. 
1.3.2 Hypothesis 2 
The presence of microplastics changes (i.e., increases or decreases) the effect of pyrene on E. fetida.  
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2 Microplastics 
Plastics are used in a wide range of products all over the world, from larger plastic objects connected 
to our everyday life to other products that we do not necessarily consider as containing plastics. 
Some of these products contain plastic particles so small, that they are described as microplastics. 
Furthermore has the use of plastics increased since the middle of the last century, which 
corresponds to a yearly production of more than 200 million tons (Barnes et al., 2009; Ivar do Sul & 
Costa, 2014). The accurate size range of mircoplastics is not defined precisely, however we have in 
this report defined it as plastic parts <5 mm. These microplastic particles come from both primary 
and secondary sources, and can become incorporated into the soil of various ecosystems through 
processes such as agriculture practices and aerial and fluvial deposition (Teuten et al., 2007).   
The global production of plastics has been continually increasing for more than 50 years. Despite 
the increasing recognition of the problem, global plastic production in 2013 rose to 299 million tons, 
meaning a 3.9 % increase compared to 2012 (Plastics – the Facts, 2015). Plastics are extremely 
versatile materials that are inexpensive, lightweight, strong, durable and corrosion-resistant. They 
are formed by long chains of polymeric molecules that are created from organic and inorganic raw 
materials, such as hydrogen, carbon, silicon, oxygen and chloride (Ivar do Sul & Costa, 2014). 
Currently, the most widely used synthetic plastics are low- and high-density polyethylene, 
polypropylene, polyvinyl chloride, polystyrene, and polyethylene terephthalate. Altogether, these 
materials represent nearly 90 % of the total world plastic production (Andrady & Neal, 2009). Due 
to the limited recovery of discarded materials and its high durability, plastic debris is continuing to 
accumulate in the environment (Browne et al., 2007).  
Inland sources of microplastics are yet to be investigated thoroughly. In correlation to the marine 
systems, major contributors will likely include water treatment plants and runoff from urban, 
agricultural, industrial, touristic, and shipping activities. Sewage sludge is another potential source, 
which typically contains more microplastics than effluents, as it is still frequently used for landfilling 
and as fertilizer in agriculture, and surface runoff may transfer microplastics to rivers and lakes and 
ultimately river basins and the ocean (Wagner, et al., 2014).  
Microplastics can occur in the environment as either primary or secondary microplastics. Primary 
microplastics are manufactured to be microscopic size, and are primarily used in household and 
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personal care products. They have also been produced for use in cleaning products and air blasting 
technology (Cole et al., 2011). Secondary microplastics are described as tiny plastic fragments that 
are the result of continuous breakdown of larger plastic debris. A combination of physical, chemical, 
and biological processes progressively break down the structural integrity of plastic debris. A 
decrease in the structural integrity of the plastic makes them significantly more susceptible to 
fragmentation and degradation (Cole et al., 2011). 
Microplastic particles appear to be a widespread contaminant that has accumulated across a range 
of habitats (Browne et al., 2007). Microplastics have accumulated in oceans and sediments 
worldwide in recent years, with maximum concentrations reaching 100,000 particles m3 (Wright et 
al, 2013). Low-density microplastic debris is continuously accumulating in ocean gyres, along the 
coasts, and in sediments and are greatly affecting countless marine animals (Browne et al., 2007).  
Oxidation due to the solar radiation increases the degradation of plastics by causing a bond 
cleavage, which reduces the  molecular mass of polymers (Browne et al., 2007). During 
photodegradation of plastics, sunlight oxidizes the chemical structure, causing bond cleavage that 
reduces the molecular mass of polymers. This results in plastics becoming brittle 
and  disintegrating,  which gives  rise  to  tiny  fragments (Browne et al., 2007). The majority of the 
synthetic polymers in plastics float, but some are denser than seawater and they sink to the seafloor 
and become incorporated into the sediments.  The submerged plastics rapidly develop microbial 
films that change some of their physiochemical properties, such as buoyancy and surface 
hydrophobicity (Ivar do Sul & Costa, 2014). Because plastics are made of highly hydrophobic 
materials, the chemical pollutants are concentrated in and/or onto their surfaces, and microplastics 
act as reservoirs of toxic chemicals in the environment (Ivar do Sul & Costa, 2014).  
Many different marine species ingest microplastics either directly, or indirectly through the food 
chain. Benthic suspension and deposit feeders are likely to ingest sinking and sedimentary 
microplastics (Wright et al., 2013). The most commonly encountered form of microplastics in the 
marine environment are fibres. Benthic holothurians were found to selectively ingest microplastics, 
showing a preference for fibrous shapes. The presence of microplastics was also found in myctophid 
fish, Hooker’s sea lion and fur seal scats, which suggests that microplastic transfers through pelagic 
food chains (Wright et al., 2013).   
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Plastic particles litter both terrestrial and marine habitats all over the world. They are often mistaken 
for food by numerous animals, which make them an important carrier for transporting chemicals to 
organisms. Plastics contain a multitude of chemical additives and adsorb organic contaminants from 
the surrounding materials. Since these compounds can transfer to organisms upon ingestion, 
microplastics act as vectors for other organic pollutants and therefore expose wildlife to these 
chemicals (Oliveira et al., 2013).  
In a study performed by Teuten et al. in 2007, which investigated the potential for plastics to 
transport hydrophobic contaminants, polyethylene, polypropylene, and polyvinyl chloride were 
selected as model plastics, as these are produced in the highest volumes in Western Europe. In all 
cases, the sorption to plastics greatly exceeded the sorption to natural sediments. This information 
makes it logical to assume that a large amount of terrestrial animals are also affected by 
microplastics (Teuten et al., 2007).  
Microplastics are of special concern because their bioaccumulation potential increases with 
decreasing size (Wagner, et al., 2014). The simultaneous exposure to and uptake of microplastics, 
nanoplastics, and environmental contaminants inside the body may modify the distribution, 
biotransformation, and/or toxicity of the contaminants (Oliveira et al., 2013). Therefore, there is an 
urgent need to increase the scientific knowledge in these processes that remain largely unknown.  
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3 Pyrene 
Pyrene is an organic compound with the molecular formula C16H10. It is a colorless solid in its 
common state. It is not readily soluble in water, with a water solubility at 0.135 mg/mL (Kemibrug-
pyrene, 2015).  It is produced from incomplete combustion of organic materials, first discovered in 
coal tar, of which pyrene makes up a couple of percent of the weight. 
 
Figure 3.1: The chemical structure of pyrene (Putz, 2011) 
Pyrene consists of four benzene rings fused together, as illustrated in figure 3.1 (Putz, 2011). It 
belongs to a group of compounds known as polyaromatic hydrocarbons (PAHs). These compounds 
are all made out of carbon and hydrogen and consist of two or more aromatic rings fused together 
(Fetzer, 2000). Pyrene is, with its four rings, the first member of the peri-fused PAHs, because pyrene 
is the smallest one which is connected through more than one face, which also makes it a  linear 
molecule with fixed locations of the carbon atoms (Fetzer, 2000).    
PAHs are often divided into two main groups, small, low molecular weight, PAHs and large, high 
molecular weight, PAHs (LPAHs), due to their different properties. The chemical and physical 
properties change gradually depending on the size (Fetzer, 2000). The PAHs with the smallest 
molecular mass, those who consist of only two to three benzene rings, have a significant acute 
toxicity to aquatic organisms, like naphthalene and fluorine see figure 3.2 a and b. The ones with a 
higher molecular mass, consisting of four to seven benzene rings, do not have that same acute 
toxicity, since a larger size means more benzene rings, making them more hydrophobic and lowering 
solubility. The lower solubility and the higher stability of LPAHs make biotransformation more 
difficult, lowering their availability for metabolic biotransformation and thereby decreasing both 
toxicity and the carcinogenic and mutagenic effect that several PAHs, including pyrene, are known 
or suspected to have (Fetzer, 2000). 
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Other examples of LPAHs are coronene (C24H12), seen in figure 3.2 c, and benzo(a)pyrene (C20H12) 
(Fetzer, 2000), seen in figure 3.2 d. 
 
Figure 3.2: Examples of small and large PAHs which are naphtalene (a), fluorene (b), coronene (c) and 
benzo[a]pyrene (d) (Fetzer, 2000). 
PAHs resistance to oxidize, reduce and vaporize also increases with the increasing molecular mass, 
whereas the aqueous solubility of these compounds decreases, making them less available to 
organisms (Fetzer, 2000).   
Because of their lipophilic character, PAHs can be taken up by organisms, either by oral intake or 
diffusion across the organism’s epithelium (Jørgensen et al., 2005). Furthermore, a study by Brown 
et al. in 2004 shows that pyrene is a toxicological risk to both terrestrial and aquatic invertebrates 
(Brown et al., 2004). A study by Wu et al. in 2012, has shown that pyrene activity causes kidney and 
liver problems, as it induces mutation and damage of the DNA (Wu et al., 2012). 
Several techniques can be used to detect the presence of PAHs and their metabolites. The most 
used technique is chromatographic methods such as gas chromatography (GC) or high-performance 
liquid chromatography (HPLC), along with mass spectrometry (MS) detection for both. HPLC 
methods are often more preferable than GC methods for analysis of PAHs and their derivatives, 
because thermally unstable and less volatile products are more easily analyzed by HPLC 
(Bednáriková et al., 2011). 
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3.1 Biotransformation 
All organisms are constantly exposed to foreign chemicals in their environments. Organisms use a 
process known as biotransformation to modify these chemicals so they can be removed and 
excreted from the body using enzyme activity. Without biotransformation, it would take so long for 
an organism to excrete toxic chemicals that they would eventually be overwhelmed by the chemical 
and die (Parkinson, 2013).  
All animals possess a type of biotransformation enzymes, which for vertebrates typically are 
expressed the highest in the liver and for invertebrates in the tissue surrounding the gut. Most of 
the enzymes responsible for biotransformation found in mammals are also present in fish and 
aquatic invertebrates, which also includes cytochrome P450 (CYP). Isoenzymes of CYP often have 
great importance in the metabolism of many organic compounds. The level of CYP in fish is often an 
order of magnitude higher than what is seen in aquatic invertebrates, which corresponds well to 
fish generally having a higher metabolic activity (Livingstone, 1998). 
To determine the biotransformation of PAHs, the production of which metabolites are involved in 
the process are measured (Forbes et al., 2001; Fries and Lee, 1984). There are two different phases 
in the biotransformation of PAHs, phase I and phase II, where phase II metabolites depend on the 
metabolites involved in phase I. There are many different possible metabolites for each phase, and 
the details of these are still largely unknown at this time, as research into this subject is still ongoing 
(Jørgensen et al., 2008). 
3.1.1 Phase I & II 
Biotransformation of organic compounds is done by introducing a functional group and afterwards 
attaching a polar moiety to this functional group. These steps are respectively referred to as phase 
I and II and the purpose of this is to make the organic compound, which is hydrophobic and lipid-
soluble, more hydrophilic and thereby transporting the compound out of the animal (Livingstone, 
1998). 
In phase I, the parent compound is made less hydrophobic by phase I enzymes, which transform the 
compound either by oxidation, reduction, hydration or hydrolysis, and introduce or modify a 
functional group to e.g. -OH, -COOH or -NO2. Hereupon can phase II be initiated, which consists of 
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the phase II enzymes attaching a large moiety to the functional group from phase I (Livingstone, 
1998). 
When pyrene is in phase I, it is oxidized by CYP to the metabolite 1-hydroxypyrene. When phase II 
is initiated, 1-hydroxypyrene can be further metabolized to three different phase II metabolites by 
either glucuronosyltransferases (UDPGT), forming either pyrene-1-glusoside or pyrene-1-
glucuronide, or sulfotransferases (ST), forming pyrene-1-sulfate (Giessing et al., 2003a, b; Jørgensen 
et al., 2005), as seen in figure 3.3. 
Pyrene has the advantage that it is biotransformed to one phase I metabolite only. This further aids 
the identification of phase II metabolites in comparison to other substrates such as benzo[a]pyrene, 
which are biotransformed to multiple phase I metabolites. This makes the identification of individual 
phase I and phase II metabolites difficult (Jørgensen et al., 2005). 
 
Figure 3.3: The biotransformation of pyrene. In Phase I, pyrene is biotransformed to 1-hydroxypyrene by CYP. 
In phase II, there are three different pathways known: Glucosidation of 1-hydroxypyrene to pyrene-1-
glucoside by UDPGT, glucuronidation of 1-hydroxypyrene to pyrene-1-glucuronide by UDPGT and 
transformation of 1-hydroxypyrene to pyrene-1-sulfate by ST (Jørgensen et al., 2005). 
3.1.2 Excretion 
A study performed by Bouchard and Viau in 1998 examined the urinary and biliary excretion kinetics 
of 1-hydroxypyrene following intravenous and oral administration of five different pyrene doses in 
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rats. In the cases of both urinary and biliary 1-hydroxypyrene excretions, the kinetics following 
intravenous injection were similar to those observed after oral administration. The results 
demonstrated that the combined urinary and biliary excretion of 1-hydroxypyrene over 24 hours 
represented only a small fraction of the total pyrene dose (<15 %). There was no significant effect 
of dose or of administration route on the time course of 1-hydroxypyrene cumulative excretions in 
both urine and bile was observed. The saturation of absorption, metabolism (phase I and II 
biotransformation enzymes) and excretion of both urinary and biliary transport systems can result 
in non-linear dose–excretion curves. Even at doses higher than those normally encountered under 
environmental exposure conditions, the study showed a linear relationship between pyrene dose 
and 1-hydroxypyrene excretion over a wide range of doses (Bouchard & Viau, 1998). 
3.1.3 Biotransformation in Eiseina fetida 
It has not been possible to find an article describing the biotransformation of pyrene in E. fetida as 
an individual species. But in a study performed on E. fetida andrei, increased methoxyresorufin-O-
deethylase (MROD), measured as pmol mg-1 protein min-1, activities were observed at the lowest 
dose of benzo(a)pyrene (B(a)P) and activities were reduced at the highest doses (100 mg/kg and 1 
g/kg). MROD activities had increased the control and at lower B(a)P concentrations (0.05 mg/kg and 
1 mg/kg). Different biochemical factors were evaluated as potential biomarkers to diagnose the 
effect of benzo(a)pyrene on E. fetida andrei. The majority of biochemical responses which were 
affected by the dose or the duration of exposure were the phase I enzymes, the lipid per-oxidation 
rates and, after only one day, the total and oxidized glutathione concentrations. Exposure to the 
two highest doses of benzo(a)pyrene resulted in a decrease in MROD activities to a concentration 
lower than in the controls after two, seven and fourteen days. The activities fell to 38 % of those of 
the control after fourteen days and were significant after two days. The results suggest that the 
B(a)P compound is metabolized either by cytochrome P450 pathways or via free radical oxidation, 
and in E. fetida andrei, B(a)P promotes the generation of free radical and stimulates lipid 
peroxidation. (Saint-Denis et al., 1999). 
3.2 High-performance liquid chromatography - Mass spectrometry 
HPLC-MS is used in this project for the qualitative and quantitative analysis of pyrene and pyrene 
metabolites in the main experiment. It consists of two widely used analytical instruments, where 
the HPLC system is separate and the MS serves as the detector. 
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The HPLC is a liquid chromatography system, which uses high pressure to separate compounds. It 
consists of a two-phase system, a stationary phase (the column) and a mobile liquid phase (the 
eluent). Like with all liquid chromatography, the analyte, which is the different samples, is 
transported through a stationary phase by a liquid eluent. In the stationary phase, the analyte 
passes through and is retained by the polarity of the column. On the column the components of the 
analyte are retained because they adsorb to the surface of the column, which causes the separation 
(Simonsen et al. 2010). 
The HPLC system consists of different units. The eluent enters the system by the pump, where there 
is a normal pressure. The sample then enters the system at the injector and is lead to the column 
under high pressure. The column is a nonpolar C-18, which consists of octadecylsilyl, a silica gel 
modified with chains of C18 (Simonsen et al., 2010). The C-18 column is packed with fine particles, 
which give a high-resolution separation, because the solute molecule does not have to diffuse very 
far to encounter the stationary phase. The efficiency of the chromatography depends on the rate 
by which the solute equilibrates between the stationary and mobile phases. Surface to volume ratio 
is large in the column, and that is what gives a better contact between the phases. The grains are 
very closely pack, hence the high pressure (Simonsen et al., 2010). 
At the end of the system, which is illustrated in figure 3.4, is the detector, in our case the MS. 
 
Figure 3.4: An illustration of the HPLC systems, where the eluent enters at the pump, meets the sample at the 
injector and passes through the column to the detector, which gives a data output (inspired by Simonsen et 
al., 2010). 
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3.2.1 The chromatographic process 
A Reverse-Phase Chromatography (RPC) was used in this project, where the eluent is more polar 
than the material of the column.  The small particles in the column give the eluent an even flow, 
which give a better resolution (Harris, 2010). The resolution is characterized by how good the peaks 
are separated (Simonsen et al, 2010). It is preferable to have a high resolution to prevent an overlap 
between peaks, and to prevent peak tailing. If the resolution is too high, the chromatography takes 
too long time. A resolution of 90 % is preferable to give the best result and is not to time-consuming 
(Simonsen et al, 2010). 
The rate in which the two phases equilibrate increases the efficiency of the chromatography, and 
that gives a better result (Harris, 2010). This method eliminates peak tailing because the stationary 
phase has few sites that can strongly adsorb a solute to cause tailing (Simonsen et al, 2010). 
3.2.2 Mass spectrometry 
Mass spectrometry serves as the detector by determining the mass and structure of the sample 
compounds. This method has a high sensitivity, since it only needs a very small amount of the 
sample. 
Molecules are ionized and partly broken down by transferring energy. During the ionization the 
molecules are irradiated by a gaseous current of electrons. The free electrons collide with the 
sample molecules, which are left with a positively charged ion, since the negative ions from the 
molecules are removed. After the ionization, the fragments and the ionized molecule can be 
determined. The mass of the molecule is known, and the molecule can be identified by the mutual 
frequency of the fragments and ionized molecule (Simonsen et al, 2010).  
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4 Earthworms 
Earthworms, or oligochaetes (meaning ‘few long bristles’), are terrestrial invertebrates in the 
phylum Annelida. Their bodies are bilaterally symmetrical and divided into segments, all of which, 
except the first two, have paired bristles (setae) which help them move. Their skin is permeable, 
and so they need moist environments to prevent drying out (Hickman et al., 2014; Edwards & 
Bohlen, 1996). 
Most earthworms are omnivorous scavengers, but selective in their choice of food, particularly dead 
organic matter (Hickman et al., 2014; Laverack, 1963). There are three different types of 
earthworms - epigeic, endogeic and anecic. Epigeic earthworms are found in the litter layer on the 
surface of soils or in compost piles. Endogeic earthworms burrow horizontally through the soil, 
where they feed on soil and organic matter and fill their temporary channels with cast. Anecic 
earthworms make permanent, vertical burrows and drag litter from the surface to eat (Edwards & 
Bohlen, 1996) 
Because of their chosen food source, earthworms are important for the decomposition of dead 
organic matter and the release of nutrients to plants and microorganisms. By burrowing, they also 
have an effect on soil formation and maintenance, by mixing soil layers and incorporating organic 
matter into the soil, increasing availability and accessibility of nutrients for plants and 
microorganisms, as well as increase aeration and drainage of the soil (Edwards, 1994). 
As they burrow, large amounts of soil passes through the gut, containing various levels of 
decomposed organic matter along with protozoa, rotifers and other microorganisms (Laverack, 
1963). An earthworm’s digestive tract runs from the mouth to the anus without coiling. The 
digestive system consists of a mouth and an esophagus, a pharyngeal gland secreting acid mucus 
and a calciferous gland secreting calcium carbonate. This first part of the digestion system is called 
the reception zone. After the reception zone lies the secretory zone, which consists of the crop, the 
gizzard and the intestine. After passing the esophagus, the food is received by the thin-walled and 
sack-like crop, which functions as a stomach, where the food is stored temporarily, before being 
grinded down by the hard, muscular gizzard and digested and absorbed in the intestine (Hickman 
et al., 2014; Edwards & Lofty, 1972). At the anterior end of the intestine is the typhosole, a large 
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fold in the intestine, which provides more surface area to increase assimilation of digested food 
(Sims & Gerard, 1985; Edwards & Lofty, 1972).  
Earthworms have a wide range of enzymes in their guts. Secretion of enzymes is localized to the gut, 
very little enzyme activity happens in the pharynx, esophagus, crop or gizzard, with the greatest 
amounts of enzymes at the anterior end of the intestine (Laverack, 1963).  
4.1 Eisenia fetida 
The test organism used for this project’s experiments is the earthworm Eisenia fetida.  
E. fetida is a common European epigeic compost worm in the family Lumbricidae. It is widely 
distributed by man across the world, and is one of the dominant earthworms in agriculture in 
temperate and some tropical regions (Edwards & Bohlen, 1996). It is one of the most commonly 
used species for studies of ecotoxicology, physiology and genetics, as well as for organic waste 
management, due to its ability to colonize organic wastes, fast growth, short life cycle, high rates of 
consumption, digestion and assimilation of organic matter, high tolerance to various environmental 
factors, such as moisture and temperature, as well as a resilience and tolerance of handling 
(Domínguez et al. 2004; Sims & Gerard, 1985; Domínguez & Edwards, 2011). 
E. fetida is brown with an area with no pigmentation around the intersegmental grooves, 
characterizing it with yellowish stripes, which has given it the common names ‘brandling’ or ‘tiger’ 
worm (Domínguez et al. 2004; Edwards & Bohlen, 1996). It is often mistaken with Eisenia andrei, 
commonly called ‘red tiger worm’, since the only difference between the two species is that E. 
andrei is more red in color with no stripe, as well a slightly different life history, though their 
reproduction and basic requirements are similar (Sims & Gerard, 1985; Edwards & Bohlen 1996). 
E. fetida and E. andrei are the most common species used for management of organic wastes, mostly 
because they naturally colonize there, but also because of their wide temperature and moisture 
tolerance range and their tendency to become dominant in mixed cultures (Edwards & Bohlen, 
1996).  
The average size of adult worms is 4.8 mm width and 50-100 mm length, normal fully grown worms 
weigh around 550 mg. Its life cycle, from newly-laid cocoon to clitellate adult earthworm is 45-51 
days and it has the ability to self-fertilize (Domínguez & Edwards, 2011). 
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In controlled conditions, the average lifespan is 594 days at 18°C and 589 days at 28°C, and it’s fully 
mature after 28-30 days. Its maximum life expectancy is between four and five years, but is 
considerably shorter under natural conditions. Its incubation time is 18-26 days, with a hatching 
viability of 73-80 % (Domínguez & Edwards, 2011).  
E. fetida can tolerate a wide range of moisture conditions, from 50-90 %, but the optimum is 85 %, 
where it grows most rapidly. The same goes for temperature. E. fetida can survive in temperatures 
from 0°C to 35°C, but the optimal temperature is 25°C (Domínguez & Edwards, 2011; Edwards & 
Bohlen, 1996). Most earthworms tolerate a pH between 5 and 9, but prefer the more acidic soils 
with pH around 5-6, if given the choice (Edwards et al., 2011). E. fetida tolerates a pH range from 4-
7 or 5-9, depending on the source, but prefers a pH of 5.0 (Edwards & Bohlen, 1996). 
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5 Methods 
To answer the problem formulation and to test the hypotheses, an experiment is performed, testing 
the effect of different combinations and concentrations of the PAH pyrene and microplastics on the 
chosen test organism E. fetida. To do this it was necessary to make artificial soil, measure water in 
the soil, spike the food, do both two pilot experiments as well as a main experiment, followed by 
HPLC and statistical analyses. All of these procedures are described in this chapter. 
5.1 Soil preparation 
For the making of the artificial soil and pH adjustments we followed OECD guideline 222, which is 
designed to test the effects of chemicals in soil for two types of oligochaetes, including E. fetida. 5 
kg dry soil was made, to be sure that there was enough for both pilot experiments and the main 
experiment. 
The soil consisted of 500 g of sphagnum peat, 1000 g of kaolin clay and 3500 g of quartz-sand. The 
peat was dried at 105°C until it was completely dry, and no more water evaporated. Furthermore, 
it was sifted through a sieve with a net size at 2000 µm to get rid of lumps. The kaolin clay and 
quartz-sand were air-dried before the mixing of the artificial soil. 
Afterwards the soil pH was measured to determine whether it should be adjusted. This was done 
by weighing out 5 g of the artificial soil in a 50 mL test tube with a lid and then add a 0.01 M solution 
of calcium chloride up to the 30 mL mark, shake it well and then let it settle for two hours. Then the 
pH was measured with a pH-meter. The soil needed a pH of 6.0 +/- 0.5, which meant that the pH in 
the soil needed to be raised, since it had a pH at 3.64. This was done by adding 0.015 g calcium 
carbonate pr. g soil to the soil and the pH measurement were performed again, here the pH ended 
up being 5.92, which is in the range of what the guideline prescribed. 
5.2 Water content 
Because the water content test described in the OECD guideline 222 was difficult, and many other 
beforehand did not get some usable results, we decided to add water in small amounts to the soil 
and then squeeze it. When water could be seen between the fingers, we decided that the soil was 
suitable for the worms. This point was reached when 40 % water was added (see appendix a). 
To know how much water the soil contained, some small samples in petri dishes made of glass were 
dried for 24 hours at 105°C. The weight was measured both before and after drying. The added 
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amount of water to the soil was known, but that would not be a precise amount because the soil 
needed to settle for at least 24 hours, and thereby some of the water could possibly evaporate. To 
calculate the water content following formula was used: 
100 − (
𝑑𝑟𝑦 𝑠𝑜𝑖𝑙 (𝑔)
𝑤𝑒𝑡 𝑠𝑜𝑖𝑙 (𝑔)
∙ 100) = 𝑤𝑎𝑡𝑒𝑟 𝑐𝑜𝑛𝑡𝑒𝑛𝑡 (%) 
The water content calculated from this test was a little under 30 %. 
5.3 Spiking of food 
Because the chosen worm is epigeic and feeds in the litter layer of the soil the horse manure was, 
in all three experiments, mixed into the wet soil before adding the worms to the beakers. 
Furthermore the food, and not the soil, was spiked with either pyrene, for the pyrene pilot 
experiment, or both pyrene and microplastics, for the main experiment.  
For the main experiment 5 g of spiked horse manure were prepared for each treatment. The stock 
solution of pyrene was made of 250 mg pyrene in a 25 mL volumetric flask with acetonitrile, which 
correspond to a concentration of 10 mg/mL. The microplastics used in the main experiment were 
made out of polyethylene with a size between 10-106 µm (Cospheric USA) with a density of 0.93 
g/cm3. There were nine different food treatments, which are shown by table 5.1.  
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Table 5.1: Shows the nine different treatments of the food for the main experiment. The beakers were added 
either 0, 10 or 100 µg of pyrene and either 0, 0.1 or 0.5 % of microplastic. All the breakers were added the 
same amount of acetonitrile. 
Food # Pyrene conc MP conc Added stock Added MP Added acetonitrile 
1 0 µg 0 % 0 mL 0 g  2.5 mL 
2 0 µg 0.1 % 0 mL 0.25 g 2.5 mL 
3 0 µg 0.5 % 0 mL 1.25 g 2.5 mL 
4 10 µg 0 % 0.25 mL 0 g 0.25 mL 
5 10 µg 0.1 % 0.25 mL 0.25 g 0.25 mL 
6 10 µg 0.5 % 0.25 mL 1.25 g 0.25 mL 
7 100 µg 0 % 2.5 mL 0 g 0 mL 
8 100 µg 0.1 % 2.5 mL 0.25 g 0 mL 
9 100 µg 0.5 % 2.5 mL 1.25 g 0 mL 
 
The same total amount of acetonitrile was added to all the beakers to prevent this from being a 
factor in the experiment. The acetonitrile was evaporated before adding microplastics and 2 mL of 
demineralized water, so the microplastics were able to move in the beaker. The beakers were placed 
on a shaking table for 24 hours. After the 24 hours 5 g of dry horse manure was added to each 
beaker and the beakers were placed on a shaking table for an additional 24 hours. The worms fed 
with treatment number 1, 4 and 7 were given 1.4 g food due to the water added, those fed with 
treatment number 2, 5 and 8 were given 1.45 g food and those fed with treatment number 3, 6 or 
9 were given 1.65 g food due to the water and microplastic added. 
During the spiking of the food for the main experiment it was noticed that the food and its additives 
did not get homogeneously distributed, because the microplastic either settled on the bottom or 
got stuck to the sides of the beakers - especially those with 0.5 % microplastic were impossible to 
get homogeneous. Therefore, there were added three spoons of horse manure from the top layer 
and three spoons from the bottom layer to the beakers. For additional experiments with similar 
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treatments, it is suggested that the food with contaminants is mixed in separate beakers for each 
worm. 
The spiking of soil for the pyrene pilot experiment was done by the same procedure, without adding 
microplastics and water to the beakers. 
5.4 Pilot experiments 
Before the main experiment, two pilot experiments were performed. The first pilot experiment was 
meant to determine the amount of food the worms needed, to prevent loss of weight due to lack 
of food during the main experiment. The second pilot experiment determined the effect of different 
concentrations of pyrene on the test organisms, to provide a basic understanding of the test 
organism’s reaction to the chemical when microplastics were not involved and to determine which 
concentrations of pyrene that should be used in the main experiment. The two pilot experiments 
were initiated one day apart from each other.  
5.4.1 Food experiment 
This experiment was performed to determine how much food E. fetida needed, to prevent loss of 
weight or death during the main experiment. This experiment ran for fourteen days and consisted 
of four replicates. The worms were fed once at the beginning of the experiment with four different 
amounts of dried horse manure between 0.5-2.0 g (see appendix b) and were held in a climate room 
with a temperature of 20°C. Each worm was placed individually in a tall 200 mL beaker containing 
moist soil (around 30 % water content) in an amount equivalent to 50 g of the soil dry weight. Each 
beaker was provided with more water every second or third day, to prevent it from drying out. The 
whole beaker with these contents was weighed right when the experiment was started, in this way 
the lost water could be seen when the beaker was placed on a scale. This was done individually for 
all beakers. The beakers were covered with watch glasses to prevent the worms from escaping, and 
some of the beakers were broken at the top and were therefore also covered with parafilm 
punctured with air holes. This experiment was performed with four replicates. Afterwards, a one-
way ANOVA was performed on the data to determine whether there was a difference between the 
four food treatments.  
5.4.2 Pyrene experiment 
This experiment consisted of one control and four different pyrene treatments and was performed 
to determine how much pyrene E. fetida can tolerate. This experiment ran for fourteen days. The 
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worms were fed once at the beginning of the experiment with 1 g of dried, pyrene spiked horse 
manure pr. worm. Four worms were placed in five different pyrene treatments: control, 5, 10, 50 
and 100 µg/L (see appendix c) in 2000 mL beakers containing moist soil (around 30 % water content) 
in an amount equivalent to 50 g of the soil dry weight pr. worm. Each beaker was provided with 
more water every second or third day, to prevent it from drying out. The whole beaker with these 
contents was weighed right when the experiment was started. In this way, the lost water could be 
seen when the beaker was placed on a scale. This was done individually for all beakers. Because the 
four worms for each treatment were placed in the same beaker, this experiment only consists of 
pseudo-replicates. The beakers were covered with watch glasses to prevent the worms from 
escaping and were furthermore wrapped in tinfoil to prevent photo-oxidation of pyrene.  
5.5 Main experiment 
Based on the two pilot experiments it was decided to keep on using the same procedure as in the 
pyrene pilot experiment and thereby give the worms in the main experiment 1 g dry horse manure 
and use 10 µg/L and 100 µg/L pyrene concentrations and 0.1 and 0.5 % 10-106 µm polyethylene 
beads. The worms were placed individually in tall 400 mL beakers containing moist soil (around 30 
% water content) in an amount equivalent to 50 g of the soil dry weight when the contaminants 
were added. Each beaker was provided with more water every second or third day, to prevent it 
from drying out. The whole beaker with these contents was weighed right when the experiment 
was started. In this way the lost water could be seen when the beaker was placed on a scale. This 
was done individually for all beakers. The beakers were covered with watch glasses to prevent the 
worms from escaping and were furthermore wrapped in tinfoil to prevent photo-oxidation of 
pyrene. Furthermore, this experiment only had three replicates due to lack of worms and ran for 10 
days due to a generation shift among the E. fetida population (i.e. to prevent death of worms due 
to natural causes during the experiment). Before the worms were placed in beakers they were 
weighed. 
When the main experiment was ended, the worms were found, cleaned, weighed and placed in 
separate petri dishes provided with wet tissues, so the worms did not dry out, for three hours so 
they could empty their guts, before they were cut up, placed in eppendorf tubes and frozen for 24 
hours (see appendix d).  
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Due to not having made a quantitative analysis on the pyrene concentration in the soil used for the 
different treatments, the values for the main experiment are nominal values. 
5.6 Pyrene bioaccumulation in the worms 
After the worms were frozen, they were freeze dried for a little over 24 hours and their dry weights 
were measured. The samples were extracted in 2000 µL acetonitrile added 30 µL phenanthrene as 
internal standard. Phenanthrene is added because it is also a PAH and it is used to know if the HPCL-
MS is taking up the correct amount of sample. This can be detected because the added amount of 
phenanthrene is known, and if e.g. only 98 % of the added amount is detected in the HPLC-MS the 
result will only show 98 % of the pyrene concentration from the sample. Then the samples were 
placed in an ultrasound bath for the pieces of worms to pulverize. This did not happen, which meant 
that all the worms had to be crushed manually, placed in the ultrasound bath again and then shaken 
manually, but even here the samples did not completely pulverize. The samples were then 
centrifuged for 10 minutes at 2000 rpm. 
Afterwards 1000 µL of the supernatant from the samples were transferred to a roQ QuEChERS Kit 
(Phenomenex) tube for further clean up. These were manually shaken for 1 minute and then 
centrifuged for 10 min at 2000 rpm before 500 - 700 µL was transferred to vials and sealed. Along 
with these there were also three pre made pyrene solutions for a standard curve, also containing 
the expected pyrene metabolite 1-hydroxypyrene and 30 µL of internal standard, which were also 
transferred to vials and sealed, to make a standard curve for pyrene. Furthermore, there was a blank 
containing only acetonitrile, which went through the same procedure as the other samples. The 
extracted samples were analyzed with HPLC-MS (Thermo Scientific Dionex Ultimate 3000) with RPC. 
After the HPLC-MS was performed, the amount of pyrene in the samples was divided with the dry 
weight of the worm for the different samples for further comparison. The calculation of the amount 
of pyrene in each worm is performed with the following formula: 
𝑃𝑦𝑟𝑒𝑛𝑒 𝑖𝑛 𝑠𝑎𝑚𝑝𝑙𝑒 (𝜇𝑔/𝐿) ∙ 𝑆𝑜𝑙𝑣𝑒𝑛𝑡 (𝐿) ∙ 1000 
𝐷𝑟𝑦 𝑤𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑤𝑜𝑟𝑚 (𝑚𝑔)
= 𝑃𝑦𝑟𝑒𝑛𝑒 𝑝𝑟. 𝑑𝑟𝑦 𝑤𝑒𝑖𝑔ℎ𝑡 𝑤𝑜𝑟𝑚 (𝑛𝑔/𝑚𝑔) 
These values can be compared to each other because it describes the relation between amount of 
pyrene pr. mg worm, and not just the amount of pyrene in each sample.  
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5.7 Statistics 
The statistical analysis of growth of worms and bioaccumulation of pyrene in worm tissues were 
performed in SYSTAT. 
5.7.1 Two-way ANOVA 
To see if there was a significant interaction between both the pyrene concentration versus the 
difference in the weight of the worms and the amount of pyrene versus the amount of microplastic 
in the main experiment a two-way ANOVA was performed. The two-way ANOVA is preferable to use 
for this kind of comparisons because it is able to study multiple factors at once. The two-way ANOVA 
is designed to determine if there is an interaction effect between the two involved factors. If a 
significant interaction is detected between the involved factors, it is no longer possible to test the 
meaning of a single factor, because this will be influenced by the other factors. With the two-way 
ANOVA it is tested whether the null-hypothesis, that there is no connection between the two 
factors, can be accepted or not. It will be accepted if the p-value is higher than 0.05, otherwise the 
null-hypothesis will be rejected and the alternative hypothesis, that there is an interaction between 
the two factors, will be accepted. 
At first it is tested whether the data set is normally distributed or not. This is performed by a 
Kolmogorov-Smirnov test, which compares the data set to a theoretically normal distribution. If this 
test value is higher than 0.05 the data set will be accepted as being normally distributed.  Afterwards 
the variances homogeneity are tested by Levene’s test, if this test does not show a homogeneity in 
variance the data can be log-transformed. If the data set contains zero-values it will be necessary to 
add a factor to the data set (e.g. + 1), otherwise the zero-values will get lost, since it is impossible to 
take the logarithm to zero. Now the Levene’s test can be performed again. If Levene’s test now 
shows a homogeneity in variance, the two-way ANOVA can be performed. The one-way ANOVA is 
like the two-way ANOVA but does not take an interaction factor into account.  
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6 Results 
In this chapter the results from the pilot experiments and the main experiment will be presented. 
6.1 Pilot experiments 
6.1.1 Food experiment 
The wet weights of the worms were measured before and after the experiment, the average 
difference in weight for each treatment and there standard deviations is shown by figure 6.1.  
 
Figure 6.1: Shows the average change in weight for the food pilot experiment and its standard deviation. At 
1.5 g and 2.0 g there is no difference in how much weight the worms have gained, which is over the double 
of what 0.5 g and 1.0 g gained in total. 
In the two groups given the smallest amounts of food, some of the worms had lost weight and the 
overall difference was less than half of what is seen in the two other treatments. In the two groups 
given the largest amount of food none of the worms lost weight and the overall difference in these 
two groups was also the same. The one-way ANOVA performed on the data showed that there was 
no difference between growth and the different amounts of food, which could be seen by the 
analysis of variance having a p-value at 0.47, so the null-hypothesis is accepted. 
Each group had a different amount of food pr. day in the test period of fourteen days, if we assume 
that all the horse manure was consumed at the end of the experiment. The group provided with 0.5 
g horse manure had approximately 0.04 g food pr. day, the group provided with 1.0 g of horse 
manure had approximately 0.07 g food pr. day, the group provided with 1.5 g of horse manure had 
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approximately 0.11 g food pr. day and the group provided with 2.0 g of horse manure had 
approximately 0.14 g food pr. day. 
6.1.2 Pyrene experiment 
The two pilot experiments were initiated one day apart, which meant that there were no results 
from the food experiment to transfer to the pyrene experiment. Therefore, it was decided to 
provide each worm with 1 g of dry horse manure for at fourteen day time period, which means that 
each worm was provided with 0.07 g of food pr. day. The average weight difference is shown in 
table 6.1. The change in weight decreases around 10 µg/L and at 100 µg/L there is no change in the 
groups’ average weight. 
Table 6.1: Shows average the difference in wet weight for the five treatments in the pyrene pilot experiment. 
This shows that the change in weight decreases from 10 µg/L and up and when reaching 100 µg/L there is no 
longer a difference to be seen. 
 Control 5 µg 10 µg 50 µg 100 µg 
Change in weight (mg) 50.3 51.2 33.7 11.3 0.0 
 
Another thing that was noticed is that the average weight of those treated with 50 µg/L and 100 
µg/L already at the beginning of the experiment were almost half of the average weight of the 
remaining groups.  
The average weight gained for each treatment as a percentage of the average weight at the start of 
the experiment is shown in table 6.2. The results here are the same as in table 6.1, showing that the 
size of the worms at the beginning of the experiment does not change the overall result.  
Table 6.2: Shows the average weight gained for each treatment as a percentage of the average weight of the 
worms before the start of the experiment. The proportional weight gain starts decreasing between 5 and 10 
µg/L and at 100 µg/L there is no weight gain.  
 Control 5 µg/L 10 µg/L 50 µg/L 100 µg/L 
Weight gain (%) 44.7 52.7 31.5 21.8 0.0 
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6.2 Main experiment 
As in the pilot experiments, the wet weights of the worms used in the main experiment were noted 
both at the start and end of the experiment. The average change in wet weights for each treatment 
can be seen in table 6.3. The details of the nine treatments are described in table 5.1. 
Table 6.3: The average difference in wet weight for the nine treatments in the main experiment. The results 
show that there is no obvious correlation between change in weight and amounts of pyrene and microplastic. 
The details of the nine different treatments can be found in table 5.1. 
 1 2 3 4 5 6 7 8 9 
Change in weight 
(mg) 
15.1 10.13 17.3 13.4 9.4 21.9 25.2 19.65 8.4 
These results were analyzed using two-way ANOVA, which showed that there is no correlation 
between the average change in weight and the combined effects of microplastic and pyrene. This is 
shown by the p-value of the interaction being 0.50, which means that the null-hypothesis, that there 
is no interaction between the two factors, is accepted. 
As described in chapter 5.6, the tissues of each worm were analyzed with HPLC-MS after the 
experiment was ended, and the amount of pyrene in each worm was given in peaks. Examples of 
these are shown by figure 6.2. Furthermore, a standard curve, which is illustrated in figure 6.3, with 
known concentrations of pyrene was made with the HPLC as well, which had the purpose to 
determine the amount of pyrene in the samples. The standard samples also contained 1-
hydroxypyrene, which is pyrenes first metabolite, to detect whether pyrene was biotransformed in 
the worms. The amount of pyrene in the worms was then analyzed using two-way ANOVA to 
determine whether or not there is an interaction between amount of microplastic and 
concentration of pyrene on the bioaccumulation of pyrene in the worms. The two-way ANOVA 
showed that there is a positive interaction between the two factors. 
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Figure 6.2: Shows four different chromatograms from the HPLC. a) is treated with no microplastic and no 
pyrene, b) is treated with 0.1 % microplastic and 10 µg/L pyrene, c) is treated with 0.5 % microplastic and 100 
µg/L pyrene and d) is a standard solution with 500 µg/L pyrene also containing 1-hydroxypyrene. The first 
peak in a, b and c is Phenanthrene and the second peak is pyrene (only slightly indicated in a, which is not 
enough to detect pyrene in this sample). In d, the first peak is 1-hydroxypyrene, the second peak is 
Phenanthrene and the last peak is pyrene. 
As shown in figure 6.2 a, b and c, no pyrene metabolites were detected in the tissue samples, not 
even it the samples without microplastics, which means that the lack of biotransformation of pyrene 
cannot be connected to it still binding to the plastic particles. 
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Figure 6.3: The standard curve made with pyrene concentrations of 50, 100 and 500 µg/L. The curve is made 
with a linear fit and has an r2-value at 0.99, which corresponds to an almost perfect linear fit. The curve has 
been made to determine the pyrene concentration of the samples. 
The interaction between the bioaccumulation of pyrene and the amount of microplastic present in 
the environment is illustrated in figure 6.4. From these data, it seems that when exposed to high 
concentrations of pyrene, the amount of microplastic also present in the environment has a positive 
effect on the bioaccumulation of pyrene in E. fetida. At low pyrene concentrations, the effect of the 
amount of microplastic present seems to be less important. 
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Figure 6.4: Amount of pyrene bioaccumulated in E. fetida, measured in ng pyrene pr. mg dry weight of worm 
tissue. When E. fetida is exposed to high concentrations of pyrene, the amount of microplastic present in the 
environment has an effect on pyrene uptake. The more microplastic added, the more pyrene is detected in 
the tissue. This effect does not seem as important for low pyrene concentrations. 
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7 Discussion 
In this chapter the results of both the two pilot experiments and the main experiment will be 
discussed. Furthermore, the results will be compared to relevant literature. 
Based on results from the food pilot experiment it is only possible to discuss what the data from the 
food pilot experiment indicates due to the result from the one-way ANOVA, which showed that the 
four treatments in theory could have been the same. The food pilot experiment indicates that those 
groups provided with 0.5-1.0 g of food had a lower gain in weight than those worms provided with 
1.5-2.0 g of food. Additionally, the first two groups were the only ones which had some worms which 
had lost weight at the end of the experiment. If the average difference in weight is compared, the 
first two groups had a gain in weight, which was less than half of that of the last two groups. 
Furthermore, it seems like the last two groups had reached their maximum for consuming, due to 
their similar difference in weight gain, which can be seen in figure 6.1. 
Additionally to this, it can be discussed if the worms in the pyrene pilot experiment and the main 
experiment were provided with too little food, due to the consequences of the tendency seen from 
the food pilot experiment. This could potentially be the case in the pyrene pilot experiment, where 
they only had approximately 0.07 g food pr. day, if it is assumed that the worms had consumed all 
the food at the end of the experiment. This amount of food was indicated by the food pilot 
experiment to not be quite enough. In the main experiment it can be argued that the worms got an 
amount of food for the ten day test period, which corresponded to approximately the same as 1.5 
g for a fourteen day time period, because the difference in the daily food supplement between these 
two is only approximately 0.01 g. 
Since HPLC analysis was not performed on the pilot experiments, it is not possible to compare 
bioaccumulation of pyrene in the worms between the pyrene pilot and the main experiment. But 
wet weight of each worm was measured before and after for both experiments, so the average 
differences between them (i.e., growth) can be compared. The change in average wet weight for 
the pyrene worms can be seen in table 6.2. 
The pyrene pilot experiment consisted of pseudoreplicates, not true replicates, but the worms show 
a clear tendency to decrease in weight gain when pyrene concentration increases. The weight gain 
starts decreasing around 10 µg/L pyrene, and the worms treated with 100 µg/L showed no gain in 
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average weight. However, the average weight of those worms treated with 50 µg/L and 100 µg/L 
was already smaller than for the other groups at the start of the experiment, indicating the 
possibility that these groups were made of smaller and maybe younger individuals, which might not 
be able to tolerate as much pyrene as the larger, older individuals.  
There is also the possibility that the weight gain depends on the size of the worm. If this was the 
case, the weight gain for the different treatments would have been proportionally the same for all 
treatments. But the weight gain as a percentage of average weight of the worms before the start of 
the experiment, seen in table 6.2, shows that this is not true. The average size of the worms at the 
beginning of the experiment has no effect on the result, and the lack of weight gain observed in the 
last groups seems to be caused by the high concentration of pyrene.  
Furthermore, it can be discussed if the tendency in weight loss has something to do with the fact 
that the worms in the pyrene pilot experiment got an amount of food which, according to the food 
pilot experiment, was too small. Therefore the same tendency may not be shown in the main 
experiment, because the worms in the main experiment were provided with more food in relation 
to time period. 
According to a two-way ANOVA performed on the growth data from the main experiment, there is 
no interaction between effects of microplastic and effects of pyrene on the weight gain. It seems 
from this experiment that the presence of pyrene, combined with microplastic, has no direct effect 
on biomass. In fact, when comparing data from the microplastic control groups, the average weight 
gain increases from 10 µg/L pyrene to 100 µg/L, as can be seen for treatments 1, 2 and 3 in table 
6.3. 
In studies similar to this performed on E. fetida, such as the one performed by Nam et al. in 2015, 
the effects of several PAHs, including pyrene, were tested on the worm. The pyrene concentrations 
affected the activity levels of the worms, but did not increase the mortality rate (Nam et al, 2007), 
which supports the results from the pyrene pilot experiment, where the worms did not die but they 
stopped gaining weight, which could be due to less activity. Another study of E. fetida performed by 
Wu et al. in 2007 showed that a concentration of 100 mg/kg caused a decrease in growth of up to 
18.63 %. When combined with phenanthrene, growth decreased up to 48.12 % (Wu et al., 2007). 
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This also supports the results from the pyrene pilot experiment, where a pyrene concentration of 
100 µg/L showed a discontinue in weight gaining. 
The two-way ANOVA determining whether there was an interaction between the amount of pyrene 
and the amount of microplastic on the bioaccumulation of pyrene in the main experiment indicated 
that there was a significant interaction between these two factors. The interaction is accepted, even 
though Levene’s test of homogeneity has a p-value slightly below 0.05 (0.046) when the data for 
bioaccumulation is log-transformed. This is done because there are only three replicates, which 
gives a rather small number of data points, which also is reflected in a quite low p-value in the 
Kolmogorov-Smirnov test of normality. When the whole data set is observed the data is normally 
distributed, but when each treatment is studied, the data is no longer normally distributed, which 
may be connected to each treatment only having two or three data points. The interaction between 
the amount of pyrene and the amount of microplastic means that the effect of pyrene will increase 
with increasing amounts of microplastics. 
Furthermore, the pyrene metabolite 1-hydroxypyrene, which we also searched for in the HPLC-MS, 
was not present, an example can be seen at figure 6.2. One possible explanation could be that E. 
fetida is not an efficient biotransformer. It has not been possible to find any data on how efficient a 
biotransformer E. fetida is, but a collection of different biotransformation efficiencies in polychaetes 
by Jørgensen et al. in 2008, showed that these have very different biotransforming efficiencies, 
which might also be the case for different oligochaetes (Jørgensen et al., 2008). Another possible 
explanation is that E. fetida is not biotransforming pyrene to 1-hydroxypyrene but to another 
metabolite, which we did not detect for and therefore did not find. 
A study performed by Besseling et al. in 2013 investigated the effects of microplastic (polystyrene) 
on fitness and PCB accumulation by the marine benthic worm Arenicola marina. This showed a 
positive relation between the amount of microplastics in the sediment and both uptake of 
microplastic and weight loss (Besseling et al., 2013), which, related to the main experiment 
described in this project, supports the result that higher amounts of microplastic have a connection 
with a greater uptake of environmental toxins, in this case pyrene.  
Additionally almost all of the related literature that was studied through this project emphasized 
the need for further investigation regarding the effects of pyrene and/or microplastics on various 
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organisms. Plastic pollutants are continuing to increase in both terrestrial and marine organisms 
around the world, and are changing the physical and chemical properties of the soil in numerous 
ecosystems.  
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8 Conclusion 
Through this project it can be concluded that there is a need for more investigation of microplastics 
and its abilities to transport contaminants, especially in terrestrial environments, which is less 
investigated than marine ecosystems. 
This project and its associated results indicate that there is a significant interaction between 
microplastics and pyrene, which means that the bioaccumulation of pyrene in E. fetida is greater 
when more microplastic is present. The data from the pyrene pilot experiment and the main 
experiment show a disagreement between if the presence of pyrene has an effect on the weight 
gain of E. fetida. Furthermore, there was not shown any biotransformation of pyrene to 1-
hydroxypyrene in any of the worms, which possibly could mean that E. fetida is an inefficient 
biotransformer or that E. fetida biotransforms pyrene to an unknown metabolite.  
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Appendix 
Appendix A 
Water percentage 
2 kg of dry soil mixed with 800 mL demineralized water, settled for at least 24 hours. 
Pilot Dish (g) Dish + soil, wet (g) Dish + soil, dry (g) Water percentage 
Dish 1 19.2620 20.7890 20.3699 27.5 % 
Dish 2 16.8680 19.1400 18.4886 28.7 % 
Dish 3 17.5350 19.2886 18.7921 28.3 % 
Dish 4 17.8187 19.6257 19.1140 28.3 % 
   Average 28.2 % 
3 kg of dry soil mixed with 1200 mL demineralized water, settled for at least 24 hours 
Experiment Dish (g) Dish + soil, wet (g) Dish + soil, dry (g) Water percentage  
Dish 1 22.6645 25.2427 24.4768 29.7 % 
Dish 2 26.8966 26.3879 25.6493 29.6 % 
Dish 3 34.7505 38.0192 67.0357 30.1 % 
   Average 29.8 % 
Even though the water percentage with the added amount of water in both cases should be around 
40 %, it turns out to be slightly under 30 %.  
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Appendix B 
Flowchart - Food pilot experiment  
Replicate A  0.5 g** 1 g 1.5 g 2 g** 
Wet weight before (mg) 56.2 131.4 47.5 78.5 
Wet weight after (mg) 46.3 120.6 55.5 79.7 
Difference (mg) -9.9 -10.8 8 1.3 
 
Replicate B 0.5 g 1 g 1.5 g 2 g 
Wet weight before (mg) 77.5 118.8 118.3 85.1 
Wet weight after (mg) 73.0 135.0 165.3 144.5 
Difference (mg) -4.5 16.2 47 59.4 
 
Replicate C 0.5 g 1 g** 1.5 g 2 g 
Wet weight before (mg) 71.4 100.0 133.3 85.3 
Wet weight after (mg) 91.2 -* 167.4 132.1 
Difference (mg) 19.8 - 34.1 46.8 
 
Replicate D 0.5 g 1 g 1.5 g** 2 g 
Wet weight before (mg) 133.5 110.4 82.2 67.8 
Wet weight after (mg) 182.6 149.4 131.9 99.2 
Difference (mg) 49.1 39 49.7 31.4 
 
*This worm was nowhere to be found, we assume it had died. 
**The beaker were also covered with parafilm besides a watch glass. 
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Appendix C 
Flowchart - Pyrene pilot experiment 
Control Worm 1  Worm 2  Worm 3  Worm 4  Average  
Wet weight before (mg) 108.3 122.1 137.9 82.1 112.6 
Wet weight after (mg) 194.0 166.9 127.7 -* 162.9 
 
5 µg Pyrene Worm 1  Worm 2  Worm 3  Worm 4  Average  
Wet weight before (mg) 156.4 124.5 38.0 69.5 97.1 
Wet weight after (mg) 166.7 46.4 190.2 189.8 148.3 
 
10 µg Pyrene Worm 1  Worm 2  Worm 3  Worm 4  Average  
Wet weight before (mg) 189.7 61.4 77.3 99.1 106.9 
Wet weight after (mg) 189.8 134.2 97.8 -* 140.6 
 
50 µg Pyrene Worm 1  Worm 2  Worm 3  Worm 4  Average  
Wet weight before (mg) 52.3 64.3 52.6 38.3 51.9 
Wet weight after (mg) 67.2 51.4 70.9 -* 63.2 
 
100 µg Pyrene Worm 1 Worm 2  Worm 3  Worm 4  Average  
Wet weight before (mg) 54.8 50.2 50.0 58.8 53.5 
Wet weight after (mg) 54.1 70.9 33.7 55.2 53.5 
 
*This worms was not to be found, we assume it had died. 
The three numbers written in italic in the control, 10 µg and 50 µg are the three worms we assume 
died.  
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Appendix D 
Main experiment - change in wet weight 
 Weight before (mg) Weight after (mg) Change (mg) 
A MP control P control 32.9 29.3 -3.6 
A MP control P 10 74.9 107.7 32.8 
A MP control P 100 53.2 55.3 2.1 
A MP 0.1 P control 74.7 75.7 1.0 
A MP 0.1 P 10 144.8 - - 
A MP 0.1 P 100 32.8 40.0 7.2 
A MP 0.5 P control 129.6 163.1 33.5 
A MP 0.5 P 10 66.5 90.2 23.7 
A MP 0.5 P 100 63.7 78.1 14.4 
B MP control P control 70.7 92.2 21.5 
B MP control P 10 83.9 64.6 -19.3 
B MP control P 100 79.7 116.6 36.9 
B MP 0.1 P control 81.0 91.4 10.4 
B MP 0.1 P 10 50.4 45.1 -5.3 
B MP 0.1 P 100 70.6 86.6 16.0 
B MP 0.5 P control 91.8 112.3 20.5 
B MP 0.5 P 10 27.2 - - 
B MP 0.5 P 100 46.6 50.1 3.5 
C MP control P control 98.2 125.6 27.4 
C MP control P 10 47.6 64.5 16.9 
C MP control P 100 130.3 143.3 13.0 
C MP 0.1 P control 92.4 121.2 28.8 
C MP 0.1 P 10 67.3 91.4 24.1 
C MP 0.1 P 100 66.5 109.0 42.5 
C MP 0.5 P control 57.6 79.2 21.6 
C MP 0.5 P 10 33.1 48.7 15.6 
C MP 0.5 P 100 57.9 65.2 7.3 
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Main experiment – HPLC-MS results 
Injection Name Amount 
Dry 
Weight Acetonitrile Amount Pyrene pr. 
  ug/l 
of the added of Pyrene 
Dry 
Weight 
  Emission_1 Worm l in Sample Worm 
  Pyrene mg   ng ng/mg 
A MPc Pc 0,000 4,1 0,002 0,000 0,000 
A MPc P10 6,524 9,4 0,002 13,048 1,388 
A MPc P100 16,630 8,2 0,002 33,260 4,056 
A MP0.1 Pc 0,000 11,2 0,002 0,000 0,000 
A MP0.1 P10           
A MP0.1 P100 94,436 5,9 0,002 188,872 32,012 
A MP0.5 Pc 0,000 16,3 0,002 0,000 0,000 
A MP0.5 P10 29,584 8,3 0,002 59,168 7,129 
A MP0.5 P100 356,383 9,6 0,002 712,765 74,246 
B MPc Pc 0,000 12,5 0,002 0,000 0,000 
BMPc P10 12,389 7,6 0,002 24,779 3,260 
B MPc P100 134,944 16,2 0,002 269,888 16,660 
BMP0.1 Pc 0,000 15,7 0,002 0,000 0,000 
B MP0.1 P10 39,252 4,1 0,002 78,505 19,148 
B MP 0.1 P100 880,205 16,3 0,002 1760,410 108,001 
B MP0.5 Pc 0,000 14,4 0,002 0,000 0,000 
B MP0.5 P10           
B MP 0.5 P100 487,695 8,1 0,002 975,389 120,418 
C MPc Pc 0,000 19,4 0,002 0,000 0,000 
CMPc P10 34,134 8,6 0,002 68,269 7,938 
C MPc P100 88,737 20,3 0,002 177,474 8,743 
C MP0.1 Pc 0,000 24,4 0,002 0,000 0,000 
C MP0.1 P10 25,866 11,9 0,002 51,731 4,347 
C MP 0.1 P100 260,032 13,2 0,002 520,064 39,399 
C MP0.5 Pc 0,000 8,6 0,002 0,000 0,000 
C MP0.5 P10 18,353 7,9 0,002 36,707 4,646 
C MP0.5 P100 384,202 7,1 0,002 768,403 108,226 
 
